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FTCT .n OF THE TMVKNTTON 

The present invention relates to a process for the preparation of 
synthetic taxanes. 

Cephalomannine, baccatin III, 10-deacetylbaccatin m 9 l<>- 
deacetylpaclitaxel, 10-deacetylcephalomannme, 7- < 1 (3-xyloxyl ) - 
paclitaxel, 7- (ip-xyloxyl) -oephalomaniune» 7- (lp-xyloxyl) -10- 
deacetylpaclitaxel and 7- Cl^-xyloxyl) -10-deacetylcephalomanninc and 

10 so on, in addition to the anticancer drug paclitaxel, can also be isolated 
from barks, leaves and roots of Taxus baccata plants by extraction Some 
of said taxanes have certain anticancer activity, whereas some of them 
have no anticancer activity. However, they can be used for the 
preparation of paclitaxel or other taxanes (e.g., docetaxel) having high 

15 anticancer activities by the semi-synthetic method. There are not only 
many studies thereof, but also mature methods. In principle, there are 
three directions. One is to convert 7- ( ip-xyloxyl) -taxanes; the second is 
to semi-synthesize paclitaxel by reacting side chains with paclitaxel 
parent nucleuses; and the third is to develop new nonnatural taxanes by 

ao reacting different side chains with paclitaxel parent nucleuses, Semilh, -et 

al have cracked 7- C 1 p-xyloxyl ) . using the enzyme method (see 
J.NatProd.,1984,47,131). Zhang Hongjie has hydrolyzed 7- ( ip- 
xyloxyl ) -paclitaxel with aqueous HC1 in the presence of the catalyst 
LX-97615 (see the application of CN1 24-1563 A). In addition, the 
25 method of oxidative cracking 7- ( 1 (3-xyloxyl) - using periodates was 
widely used (see the applications of US5200534A, US5367086A and 

US5856532A). Furthermore, there are a plurality of patents ana theses 
regarding the reaction of side chains with paclitaxel parent nucleuses. 
However, said studies inevitably need to -solve the contradiction between 
30 the acyiation of C(10)-OH and the protection of 2% 7-OH. Currently, the 
general mode is to protect 2\ 7-OH with a protecting agent selected 
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from the group consisting of multimetbyl silane, multiethyl silane, 
multimethyl-(etJiyl)cblorsilane, and chloracetate (chloracctic anhydride), 
then to acylate C(10>OH using an acylating agent such as acetic 
anhydride or cbloracetyl, and finally to deprotecting the protecting 
groups of 2\ 7-OH using a deprotecting agent such as thiourea. The 
typical method to solve the contradiction between the acylation and the 
protection is to use choroacetic acid (chloracetate) as a protecting agent, 
acetic anhydride as an acylating agent, thiourea as a deprotecting agent 
as disclosed in the application US5200534A. Nevertheless, the 
protective effects of said method are not quite satisfying, and about 1 1% 
2\ 7, 10-triacetyl taxane will be produced, which reduces the yield of 
the products obtained by acylating C(10>OH and finally reduces the 
yield of 10-acetyltaxane. Although the products of 2\ 7-OH can be 
obtained by the hydrolysis of ester groups at C(2 ' )- and C(7)-positions 
using a weak alkali, it is very difficult to completely hydrolyze esters at 
C(7)-position without afecting C(10)-position esters. Further, during the 
acylation, the inert solvents used in the previous processes are 
hydrochloric ethers, ethers, molecular silicons, aliphatic ketones and 
tertiary amine compounds etc. What's used most is pyridine which has 
the best effects. However, the odor of pyridine really smells unpleasant 
When pyridine is in an amount less than 1 * 10" 6 , there will have a 
strongly pungent odor. The maximum concentration acceptable in the air 
is 5x10"*, and there are strict requirements for the obturation of the 
preparation apparatus and the air circulation in the place of production. 

There are many published research findings for full-synthetic taxanes, 
but they are not formally used in the industrial production yet The 
procedures for the preparation of full-synthetic taxanes involve 
synmetizing paclitaxel parent nucleuses from some chemical 

intermediates by the reaction comprising many steps, and then 

introducing relevant side chains at C- 13 -position. Due to the activities of 
C(7)-OH and C(10)-OH or C(10>OAc, it cannot do without the 
protection of C(7>OH and the acylation of C(10)-OH during said 
reaction. The previous methods of protection and acylation are the same 
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as those of semi-synthetic taxanes, and thus there are the some problems 
in the preparation process of semi-synthetic taxanes. Accordingly, as for 
full-synthetic taxanes, it is also a problem to be further studied to -solve 
the contradiction between the protection and the acylation. 

TMMAPV fiP TWP. TMVF>3TTn>J . 

« 

Hie object of the present invention is to provide an improved process for 
synthesizing taxanes. 

10 

The object of the present invention is achieved by the following 
disclosure. 

One aspect of the present invention is to provide a process for the 
15 preparation of synthetic taxanes by improving the protection of C(7>OH 
during the synthesis of taxanes, wherein said process makes the 
protection of C(7)-OH simple and reliable, and the deprotection is 
carried out without any specific deprotecting agent 

20 In the process for the synthesis of taxanes in the present invention, 
lanthanon compounds are used for the protection of C(7)-OH. 

Said lanthanon compounds used in said process include a salt of 
lanthanon, a double salt of lanthanon, an alkaline compound of 
25 lanthanon, a lanthanon chloride, a lanthanon oxychloride, preferably a 
lanthanon chloride, a lanthanon hydroxide, a lanthanon oxychloride, a 
lanthanon sulfate double salt, more preferably a lanthanon chloride and a 
cerium salt, particularly preferably cerium trichloride. 

30 The second aspect of the present invention is to provide a process for the 
preparation of synthetic taxanes by improving the acylation during the 
synthesis of taxanes. In order to improve the acylation in the process for 
the preparation of synthetic taxanes, tetrahydrofuran is used in the 
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present invention as an acylation medium. 

In said process, when tetrahydiofuran is used as an acylation medium, 
tetrahydrofuran is pre-dehydraxed preferably. 

5 

The third aspect of the present invention is to provide a process for the 
preparation of synthetic taxanes, comprising (1) protecting C(7)-OH 
with a protecting agent; (2) acylating OH in taxanes with an deviating 
agent; and (3) deprotecting the protecting agent at C(7)-posra"on to 
to reduce to C(7)-OH, wherein tetrahydrofuran is used in said process as a 
medium for the acylation. 

In the process for the preparation of synthetic taxanes as stated in any 
one of said aspects, the preferable synthetic taxanes are paclitaxels. 

15 in the present invention, it is found that lanthanon compounds have high 
selectivity for C(7)«OH in the paclitaxel parent nucleuses, and hardly 
react with C(2' >OH and C(10)-OR Thus, lanthanon compounds as the 
protecting agent protect only C(7>OH, and its advantages are simple 
process and firm & reliable binding. During the subsequent acylation, 

20 esterification takes place only at C(2 ' )- and C(l Oppositions, rather than 
at C(7)-p05ition. As a result, the by-product, 2%7,10-triester taxane, will 
not be produced. Thereby,, the yield of the principal product is increased, 
and the hydrolysis of C(2 * ) -ester taxane becomes easier. The studies of 
C(2 J )-OH, CpyOH and C(10>OH show that the activities of «aid three 

22 -OH are in an order of C(2')<C(7)<C(10), and that the hydrolysis 

difficulty after esterification by acylation is in an order of 
0(2* )<CC7)<C(10). Provided that atriacetyl compound is formed, esters 
at C(l Opposition are also easily hydrolyzed if esters at C(7>position are 
completely hydrolyzed. Currently, there are no esters at C(7pp©sition in 
30 the present invention. By using the great difference in the difficulty 
between esters at C(2' )-position and esters at C(l Opposition, it is 
convenient to hydrolyze esters at C(2' ^position as completely as 
possible by controlling the amount of alkali, and meanwhile hydrolyze 
esters at C( 10) -position as less as possible, so as to increase the yield of 
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the principal product C(10)-acetyl taxane. 

The inventor also finds that, after lanthanon compounds are used for 
protecting C(7>OH in paclitaxel parent nucleuses, the subsequent 
. 5 deprotectipn becomes very easy, and no specific deprotecting agent is 
needed. Substances, such as alkali for neutralization, in many 
subsequent processing procedures, can be used for deprotection. 

The inventor also finds that, after lanthanon compounds are used for 
io protecting C(7)-OH in paclitaxel parent nucleuses, the subsequent 
acylation can be easily earned out That is to say, lanthanon compounds 
catalytically promote the subsequent acylation. 

In the process for the prepartion of synthetic taxanes involving acylation, 
is the reactants should be in solution, and the solvents should be inert in 
order to conduct acylation in a sufficient and complete way. In fact, the 
inert solvent functions only as a dissolvant or medium. Although there 
are many known inert solvents, which can be used as media for acylation, 
pyridine has the best effects. As stated above, it will bring about 
20 substantial difficulty in die production to use pyridine. In the present 
invention, tetrahydrofuran is used as a medium for acylation, which not 
only achieves the same effects as pyridine, but also avoids odor, so as to 
solve the problem regarding the extremely high requirements for the 
place of production. Tetrahydrofuran smells similar to ether, and the 
25 maximum concentration thereof acceptable in the work place is 100 
mg/m 5 . 

The process for the preparation of synthetic taxanes in the present 
invention can be used for the preparation of not only semi-synthetic 
30 taxanes using natural taxanes as precursors, but also full-synthetic 
taxanes. This is because C(7)-OH should be necessarily protected, and 
other OH should be necessarily acylated during the preparation of full- 

* • 

synthetic taxanes. 
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In the process for the preparation of semi-synthetic taxanes, if 10- 
deacetyltaxanes are used as raw materials, the typical procedures are, for 
example, (1) protecting C(7)-OH with a protecting agent; (2) acylating 
C(10)-OH with an acylating agent, and meanwhile acylating C(2' )-OH; 
5 and (3) hydrolyzing C(2' )-ester groups with a weak alkali and 
meanwhile deprotecting the protecting agent at C(7)-position to seduce 
to CpyOH. After said three steps, 1 0-deacetyltaxanes are converted into 

1 0-acetylpaciitaxels. Without any measures for increasing temperature, 
said three steps are carried out at normal temperature. However, in order 

io to control the reaction rate, it is better to take some certain cooling 
measures during the third step of hydrolysis, such as ice bath, so as to 
carry out the reaction at a Temperature < 3'C. When said lanthanon 
compounds are used for the protection of C(7)-OH, in order to simplify 
the process and to well connect the protection with the acylation, 

is tetrahydicrfuran is used as a medium for the protection of reaction. That 

is to say, tetrahydrofuran is firstly used to solve 10-deacetyltaxane, and 
then a protecting agent is added therein to cany out the reaction; after 
the compound in which C(7)-OH is protected is formed, an acylating 
agent such as acetic anhydride is directly added into the reactor to carry 

20 out the acylation, and finally producing 2 ' , 10-diacetyl ester taxane. In 
addition to acetic anhydride, there are chloracctyl and so on as common 
acy lating agents. Other organic acid anhydride, such as succinic 
anhydride, propionic anhydride, benzoyl chloride, carbocycle-phenyl- 
alanyl, butyryl chloride, nitrobenzoyl and cinnyl, can also be used for 

25 acylation, and the products obtained are taxanes of other 2 ■ , 10-di- 
OTganic acid esters. No matter which acylating agent is used, the 
conditions of acylation are the same. 

■ 

After the completion of acylation, the solvent immiscible with 
30 tetrahydrofuran can be used for the extraction of 2' , 10-cKacyl ester 
taxane. m the present invention, there are no particular limitations to 
said solvent for extraction, and the preferable solvent is selected from 
the group consisting of dichloiometbane and trichloromethane. After 
condensation, the liquid extract is dissolved in an inert organic solvent, 
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and then cooled to a temperature < 3"C. Then, a weakly alkaline inert 
solution is added therein to selectively hydrolyze esters at C<2 ' )-position, 
and simultaneously deprotect the protecting agent at exposition, so as 
to reduce C(2' > and C(7>posinons to hydroxyl groups. In this 
. s connection, the inert solvent is preferably alcohols, more preferably 
methanol. Moreover, there are inorganic and organic weak alkalis, 
preferably sodium bicarbonate, potassium bicarbonate, dimethylamine, 
diemylamine, and aniline etc. 

10 In addition, 7- ( lp-xyloxyl) -10-deacctyhaxanes can also be used as raw 
materials far the preparation of semi-synthetic taxanes. Various effective 
methods, such as enzymolysis, hydrolysis, oxidative cracking and so on, 
are used to convert 7- Clp-xyloxyl) - into C(7)-OH, or convert into 
dialdehyde first, then to further oxidize it to C(7)-OH. It thus can be seen 

is that such procedures are the same as those disclosed in the previous 
documents. After said procedures, 10-deacetyltaxanes are formed. 
Subsequently, the same process for the preparation of semi-synthetic 
taxanes using 10-deacetyltaxanes as raw materials can be used for the 
preparation of semi-synthetic taxanes. 

20 

There are. many published research findings for full-synthetic taxanes, 
but they are not formally used in the industrial production yet The 
procedures for the preparation of full-synthetic taxanes involve 
synthesizing paclitaxel parent nucleuses from some chemical 

25 intermediates by the reaction comprising many steps, and men 
introducing relevant side chains at C-J3-position. Due to the activities of 
C(7)-OH and C(10)-OH or C(10>OAc, the protection of C(7>OH and 
the acylation of C(10>OH arc always necessary during said reaction. 
Currently, like the application in the preparation of semi-synthetic 

30 taxanes, the preparation process provided in the present invention can be 
completely applied in the preparation of full-synthetic taxanes. 

■ 

After completion of said steps, various taxanes required can be obtained 
by the conventional skills, such as isolation, purification and 
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crystallization no matter whether they are rull-syntbertic or semi- 
synthetic texanes. 

npTO nrarrHTPrrow of the DR AWINGS 

s Fig. 1 shows an infrared spectrogram of the product obtained in 
Example 1. 

Fig. 2 shows an infrared spectrogram of the product obtained in 
Example 2. 

Fig. 3 shows an infrared spectrogram of the product obtained in 
10 Example 3. 

Fig. 4 shows an infrared spectrogram of the product obtained in 
Example 4. . 

Fig. 5 shows an infrared spectrogram of the product obtained in 
Example 5. 

is Fig. 6 shows an infrared spectrogram of the product obtained in 

■ 

Example 6. 

Fig, 7-1 shows an infrared spectrogram of natural ccphalomannine. 
Fig- 7-2 shows an infrared spectrogram of cephalomannine obtained by 
die present invention in Example 7. 
20 Fig. 8 shows an infrared spectrogram of the product obtained in 

Example 8. 

Fig. 9 shows an infrared spectrogram of the product obtained in 
Example 9. 

Fig. 10 shows an infrared spectrogram of natural paclitaxel. 

25 

EXAMPLES 

t 

The present invention is further illustrated by the following examples 
that are not intended as a limitation of the invention. 

30 

Example 1 
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Preparation ofPaclitaxel from 10-deacetylpaclitaxel 

4.5 g of 10-deacerylpaclitaxel was added to and dissolved in 100 ml of 
dehydrated tctrahydrofuran. While the solution was being stirred, 120 

5 mg of cerium trichloride was added therein. Stirring was continued for 
30 nun at room temperature. 7.0 ml of acetic anhydride was slowly 
dropped into the solution after cerium trichloride was fully dispersed 
therein. Then stirring was continued for 2 h at room temperature. After it 
was detected by thin-layer chromatography (TLC) that the reaction was 

io completely carried out, the solution was diluted with 50 ml of water. 
Acetic acid in the reaction mixtures was completely neutralized with 
saturated aqueous solution of sodium bicarbonate, and the insoluble 
substances produced therein were extracted with 250 ml of 
trichloromethane. After three extractions, the liquid extracts of 

is trichloromethane were combined together, and concentrated to dryness 
under reduced pressure, yielding 4.7 g of 2 7 , 10-diacetyItaxane as a pale 
yellow solid 

4.7 g of 2 ' •, 10-diaceryltaxane as a pale yellow solid was added to and 
20 dissolved in 200 ml of methanol. Then, the mixture was cooled in an ice 
bath to a temperature 3"C or less. 200 ml of 0.4 M dimethylamine 
methanol having a temperature 3 XT or less was added therein, and 
stirring was continued for 1 .5 h under the condition of ice bath at a 
temperature 3 "C or less. After it was detected by tiiin-layer 
25 chromatography (TLC) that the reaction was completely carried out, 400 
ml of 0.2M aqueous HC1 was added, precipitating pale yellow flocculent 
crystals were extracted three times with 2S0 ml of trichloromethane. .The 
liquid extracts were concentrated to dryness under reduced pressure, 
yielding 4.6 g of 40% paclitaxel as a pale yellow solid. After purification, 
30 it could be confirmed that the product obtained above was the same in 
the structure as natural paclitaxel by comparing the infrared spectrum 
with that of natural paclitaxel. 
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Preparation ofpaditaxel from 7- <lJ3-xyloxyl) -10-deaeetylpactitaxel 

i 

1) Pretreatment of 7- (lp-xyioxyi) -10-deacetyl paclitaxel materials 

To a solution of 60 ml of metbanol/chlorofonn (4:1) was added 1.2.g of 
5 7- ( 1 p-xyloxyl ) - 1 O-deacetylpaclitaxel, and then 0.7 g of sodium 
periodate and 5 ml of 0.5 M sulphuric acid were added therein. The 
mixture was reacted at room temperature for 3 h. Then, the reaction 
mixture was diluted with 60 ml of water, and extracted three times with 
60 ml of chloroform. The organic phase extract was concentrated to 
io dryness, yielding 1 .2 g of a colorless solid. 

■ 

The solid (1.2g) was dissolved in 40 ml of methanol. The resulting 
solution was mixed with 4 ml of 50% acetic acid and 0.5 ml of 
pfaenylhydrazanc. The mixture was reacted at 50 "C for 2 h. Then, the 
15 reaction mixtures was diluted with 40 ml of water, and extracted three 
times with 40 ml of chloroform. The organic phase extract was 
concentrated to dryness, yielding 1.23 g of a solid. After silica gel 
chromatography, the chromatography liquid was concentrated to dryness, 
yielding 1.1 g of 10-deacetylpacUtaxel. 

20 

2) Preparation of paclitaxel 

P 

According to the process in Example 1, 1.15 g of pale yellow paclitaxel 
was finally produced. After silica gel adsorption chromatography->0 1 8 

25 reverse phase chromatography (acetonitrile-water)— >acetone 
crystallization, 0.376 g of 99.6% white paclitaxel crystallisate was 
obtained, it could be confirmed that the product obtained above was the 
same in the structure as natural paclitaxel by comparing the infrared 
spectrum with that of natural paclitaxel, In addition, it could be 

30 demonstrated by 'H-NMR and 13 C-NMR data that the chemical structure 
of white crystal sample-numbered FJ03 0702-5 was completely the same 
as that of natural paclitaxel. The experimental data and analyses were as 
follows. 
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0) Mass spectrum 

1. High resolution mass spectrum 

(1) Results: measured molecular "weight 8533334 

theoretical molecular weigh 853.33 10 
$ measured molecular formula C^Hj iNO M 

theoretical molecular formula C^HsjNO^ 

(2) Analyses: Molecular weight measured by high resolution mass 
spectrum was 853.3334, so as to determine the molecular formula of 

10 CflHaNOu which was consistent with mat of paclitaxete; thus it could 
be confirmed that sample FJ030702-5 was paclitaxel. 

i 

2. Mass spectrum 

(1) Data of Measurement: ion peaks of m/z 854» 836, 776> 569» 551, 
is 509s 286 and so on. 

(2) Analyses: using canon ESI-MS method for the measurement of mass 
spectrum of sample FJ030702-5; and providing molecular ion peak of 
m/z 854[M+Hr and main fractional peak of m/2 776pvl+H-AcOH- 

20 HpJ% m/z 569tM+H-ScHT, m/z 551 [M+H-ScH-HaO]*, m/z 509fM+H- 
ScH-AcOH]*, 286[ScH+HT, which were substantially consistent with 
the data in the reference document? 1 . 

(II) Comprehensive analyses 

25 Molecular weight of sample FJ030702-5 measured by high resolution 
mass spectrum was 853.3334, so as to determine the molecular formula 
of C 47 H sl O M M Four quaternary carbon methyl signals (B 1.14,. 1.24, 
1.68, 1.79), 3a-H signal at S 3.79 (d, J=6.5Hz), and AB system doublet 
consisting of 5 4.19 and 4.30, which were two hydrogen atoms at C-20 

30 position, in combination with the carbon spectrum data, showed that said 
compound was taxanes tricyclic diterpenoid having a four-membercd 
oxygen ring. The signal of 5 7.01 {d. J-8.8) in the hydrogen spectrum 
belonged to hydrogen on nitrogen. Upon analyses in combination with 
mass spectrum tractions, it could be proved that the -compound bad 
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nitrogen-containing side chains. It could be seen from the hydrogen 
spectrum that the signals of 10a-H, 3'-H, 2p-H, 5a-H, 2 9 -H and 

7a-H were respectively at 8 6.27 (S), 6.23 (^ J-9.0), 5.7* (dd, J=2-5, 
9.0), 5.67 (d, J=7.0), 4.94 (dv J=9.0), 4.79 (d, J=2.0) and 4.39 (dd, 
. 5 J-7.5, 11.0), which showed that heteroatom substitution took place at 
said positions. The signals of 5 79.04 and S SI. 16 in the carbon spectrum 
showed that there were two oxygen-containing quaternary carbons. In 
addition, the. signals of two acetyl groups, two benzoyl groups and a 
mono-substituted benzene were also present in the NMR spectrum 

10 Upon spectral analyses as stated above and by comparing with the 
reference values of paclhaxels (G.N. Chmumy, B. D. Hilton, S. Brobst, 
S. A. Look, K. M. Witherup and J. A. Brutlen. 'H- and l3 C-NMR 
assignments for paclitaxeL 7-epi-paclitaxeI and cephalomannine. J. Nat 
prod. 1992, 55(4), 414-423), it could be confirmed .that they were 

is substantially consistent with each other. Thus, it could be confirmed that 
sample FJ030702-5 had the chemical structural of paclitaxel. 
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Table I fcmperi 



{91m the Iff-WR CWf oil Stufx* of ^ FJ03OTO2-S *ixb 
The HcfcTClXCe YUuo of foeltiwcl (CDC13, S00 UHl) 



1-OH 
7-OH 
2' -OH 



Proton 




Coupling constant 


2-H 


5.C7d 


7,0 


3— H 


3.79 d 


6,5 




4.49 d 






234 ddd 


7*0 1 93. 13*0 


6-Hb 


LSSdfkl 


2.0r 12p5i 14,6 


7-H 


4*39 dd 


73» U-0 


10-H 


• 

657© 




13-H 


&231 




W-H» 


235 dd 


9.0p U3 


14-Hb 


228 dd 


5.0, 133 


16-CH* 






17-CHs 


1.24$ 






1,79* 




19-CHa 


138 s 




ZD— Ha 


4.30 d 


83 




4,19 d 


83 

2.0 


2'-H 


4.79 d 


3'-H 


5.78 dd 


2.5 r 9.0 


3'->JH 


7X0d 


9.0 


e-OBz 




73 


m-OBs 


738— 732 « 






7.611 


7.5 


0-3' fb 


7.38-732 m 




m-T Ph 


7J8-7.S2 m 






735 1 


73 


e-NBz 


7.74 d 


73 




7.38—7,52 m 






738— 732 m 




4-0 Ac 


US 6 






233* 





Reference value 



5j67 <iai) 

3.79 dd (7-0- U>) 
4.94 dd<93> 23) 
234 ddd (6.7. 9.7 T 143) 
lr88ddd 03*11.0*14.7) 
4,40 dd (677, 10.9) 

6.23 tq (9.0, 13) 
23Sdd(9,0. 13.A) 
2»28 ddd (0.6. 9.0. 15.3) 

1.14* 

1.24 s 

1,79 0 
1.68 s 

430 ddd (03. 1.1 ■ 8.4) 
4.)9dd{1.0< 83) . 
4.78 d<?,7) 

3.78ddG3i 8.9) 
7<0Wl&9) 
8,13 dd (13. 8.4) 

7.51 m 

7.61* U. 4. 74) 

7.48 m 
7-42 m 

7J5tttl.6» 73) 

7.74 dd 0-2- 83) 
7*40 a 

7.49 m 

238 s 
2*33* 
138 te 

2.48 ta 
3.61 bw 




■tv* 
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Table 2 Comparison of 13C-NMR Chomical shirts of Sanal* FJ03Q70a-5 
witb Reference Values of PaciUtftsd (CDC13, 125 fflfa) 



Carbon 

stop 


DEPT 


Simple 
value 


Reference | 
value i 


Col" ben 


DEPT 


SshdIc I 


Vftluo 


&1 


c 


*»o iVl 


70 n 1 




CH 


73 JO 


73-2 












CH 


55,04 


55,0 


C-3 


CH 




AS K 1 


4-OCOCHn 




22.62 


23,< 


C-4 


■ 

V 




fil 1 1 


1043COCH, 


CHa 


20,84 


20.8 


C-5 


CH 




J? A A 1 




r 


17036 


170.4 


mm & 




J -J .OA 


£ J 






171-24 


171^ 


C-7 




/^i # 


-77 «7 I 




c 


167X0 


1«7,0 


&8 


C 




CO £ J 




c 


129-15 


129.1 


OS 


u 




203 6 1 




CH 


130-20 


130-2 


C-IU 






7< .< 


J77 — GBz 


CH 


128,72 


128,71 
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By comparing the infrared spectrum with that of natural paclitaxel, it 
could be confirmed that the product obtained above was the same in the 
5 structure as natural paclitaxel. 

Example 3 

Preparation of paclitaxel from 1 0-dcacetylpaclitaxel 

10 4.5 g of KMeacetylpaclitaxel was added to and dissolved in 100 ml of 
tetrahydrofuran. While the solution was being stirred, ISO mg of 
lanthanon chloride was added therein. Stirring was continued for 30 min 
at room temperature. 7.0 ml of acetic anhydride was slowly dropped into 
the solution after the lanthanon chloride was fully dispersed therein. 

is Then stirring was continued for 2 b at room temperature. After it was 
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detected by thin-layer chromatography (TIC) that the reaction was 
completely carried out, the solution was diluted with 30 ml of water: 
Acetic acid in the reaction mixtures was completely neutralized with 
saturated aqueous solution of sodium bicarbonate, and insoluble 
5 substances produced therein were extracted with 250 ml of 
trichloromethane. After three extractions, the liquid extracts of 
trichloromethane were combined together, and concentrated to dryness 
. under reduced pressure, yielding 4.74 g of V , 10-diacetyltaxane as a 
pale yellow solid 

To 200 ml of methanol was added 4.74 g of 2' , 10-diacetyltaxane as a 
pale yellow solid, and solved therein Then, the mixture was cooled in an 
ice bath to a temperature 3V. or less. 200 ml of 0.4 M dimethylamine 
methanol having a temperature 3 *C or less was added therein, and 

is stirring was : continued for 1.5 h under the condition of ice bath at a 
temperature 3 "C or less. After it was detected by thin-layer 
chromatography (TLC) that the reaction was completely carried out, 400 
ml of 0.2M aqueous HC1 was added. Then the obtained flocculent 
crystals were extracted with 250 ml of trichloromethane for three times . 

20 The liquid extracts were concentrated to dryness under reduced pressure, 
yielding 4.65 g of 39.1% paclitaxel as a pale yellow solid. After 
purification, it could be confirmed that the product obtained above was 
the same in the structure as natural paclitaxel by comparing the infrared 
spectrum with that of natural paclitaxel. 

25 

Example 4 

Preparation; of paclitaxel from 10-deacetylpaclitaxel 

4.5 g of 10-deacetylpaclitaxel was added to and dissolved in 100 ml of 
30 tetrahydrofuran While the solution was being stirred, 140 mg of 
lanthanon hydroxide was added therein. Stirring was continued for 30 
min at room temperature. 7.0 ml of acetic anhydride was slowly dropped 
into the solution after lanthanon hydroxide was fully dispersed therein. 
Then stirring was continued for 2 h at room temperature. After it was 



IS 
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detected by thin-layer chromatography (TLC) that the feaction was 
completely carried out, the solution was diluted with 50 ml of water. 
Acetic acid in the reaction mixtures was completely neutralized with 
saturated aqueous solution of -sodium bicarbonate, and the insoluble 
5 substances produced therein were extracted with 250 ml of 
trichloromethane. After three extractions, the liquid -extracts of 
trichloramethane were combined together, and concentrated to dryness 
under reduced pressure, yielding 4.75 g of V , 10-diacetyl-iaxanc as a 
pale yellow solid 

4.75 g of 2' , 10-diacetyltaxane as a pale yellow solid was added to ana 
dissolved in 200 ml of methanol Then, the mixture was cooled in an ice 
bath to a temperature 3*C or less. 200 ml of 0.4 M dimethylamine 
methanol at a temperature 3*C or less was added therein, and stirring 
was continued for 1.5 h under the condition of ice bath at a temperature 
3tJ or less. After it was detected by thin-layer chromatography (TLC) 
that the reaction was completely carried out, 400 ml of 0.2M aqueous 
HC1 was added. Then the obtained flocculent crystals were extracted 
three times with 250 ml of trichloromethane. The liquid extracts were 
20 concentrated to dryness under reduced pressure, yielding 4.€8 g of 
39.6% paclitaxel as a pale yellow solid. After purification, it could be 
confirmed that the product obtained above was the same in the structure 
as natural paclitaxel by comparing the infrared spectrum with that of 
natural paclitaxel. 

25 

Example 5 

Preparation of paclitaxel from 10-deacetylpaclitaxel 

4 J g of 10i<ieacetylpaclitaxel was added to and dissolved in 100 ml of 
30 tetrahydrofuran. While the solution was being stirred, 200 mg of 
lanthanon sodium sulfate double salt was added therein. Stirring was 
continued for 30 mm at room temperature. 7.0 ml of acetic anhydride 
was slowly dropped into the solution after die lanthanon sodium sulfate 
double salt was fully dispersed therein. Then stirring was continued for 2 
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h at room temperature. After it was detected by thin-layer 
chromatography (TLC) that the reaction was completely carried out, the 
solution was diluted with 50 ml of water. Acetic acid in the reaction 
mixtures was completely neutralized with saturated aqueous solution of 
sodium bicarbonate, and ihe insoluble substances produced therein were 
extracted with 250 ml of nichloromethane. After three extractions, the 
liquid extracts of trichloromethane were combined together, and 
concentrated to dryness under reduced pressure, yielding 4.67 g of 2' , 
lO-diacetyltaxane as a pale yellow solid. 

4.67 g of 2' , 10-diaceryltaxane as a pale yellow solid was added to and 
dissolved in 200 ml of methanol. Then, ihe mixture was cooled in an ice 
bath to a temperature 3*C or less. 200 ml of 0.4 M dimemylamine 

methanol having a temperature 3'C, or less was added therein, and 
stirring was continued for 1 .5 h under the condition of ice bath at a 
temperature 3 x: or less. After it was detected by thin-layer 
chromatography (TLC) that the reaction was completely carried out, 400 
ml of 0.2M aqueous HC1 was added. Then the obtained floccutent 
crystals were extracted three times with 250 ml of trichloromethane. The 
Ktracts were concentrated to dryness under reduced pressure, 
4.56 g of 39.6% paclitaxel as a pale yellow solid, After 
purification, it could be confirmed that the product obtained above was 
the same in the structure as natural paclitaxel by comparing the infrared 
spectrum with that of natural paclitaxel. 

Example 6 




Preparation of paclitaxel from 10-deacetylpaclitaxel 



4.5 g of 10-deacetylpaclitaxel was added to and dissolved in 1C 

30 tetrahydrofuran, and solved therein. While the solution was being 
200 mg of lanthanum ammonium sulfate double salt was added 
Stirring was continued for 30 min at room temperature. 7.0 ml of acetic 
anhydride was slowly dropped into the solution after lanthanon 
ammonium sulfate double salt was fully dispersed therein. Then stirring 
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was continued for 2 hat room temperature. After it was detected by thin- 
layer chromatography (TLC) that the reaction was completely carried 
out. the solution was diluted with 50 ml of water. Acetic acid in me 
reaction mixtures was completely neutralized with saturated aqueous 
. s solution of sodium bicarbonate, and the insoluble substances produced 
therein were extracted with 250 ml of trichloromcthane. After three 
extractions, liquid extracts of trichloromethane were combined together, 
and concentrated to dryness under reduced pressure, yielding 4.7 g of 
2 ' , 1 0-diacety]taxane as a pale yellow solid 

w 

4.7 g of 2' , 10-diacetyltaxane as a pale yellow solid was added to and 
dissolved in 200 ml of methanol. Then, the mixture was cooled in an ice 
bath to a temperature 3t: or less. 200 ml of 0.4 M dimethylamine 
methanol having a temperature 3*C or less was added therein, and 

is stirring was continued for 1.5 h under the condition of ice bath at a 
temperature 3XJ or less. After it was detected by thin-layer 
chromatography (TLC) that the reaction was completely carried out, 400 
ml of 0.2M aqueous HC1 was added. Then the obtained flocculent 
crystals were extracted three times with 250 ml of trichloromemane. The 

20 liquid extracts were concentrated to dryness under reduced pressure, 
yielding 4.6 g of 36.6% paclitaxel as a pale yellow solid. After 

purification, it could be confirmed that the product obtained above was 
the same in the structure as natural paclitaxel by comparing the infrared 
spectrum with that of natural paclitaxel. 

25 

Example 7 - 

Preparation of Cepbalomannine from 10»dcacetylcephalomannine 

4.5 g of 1 0-deacetylccphalomannine was added to and dissolved in 100 
30 ml of tetxahydrofuran, and solved therein. While the solution was being 
stirred, 120 mg of cerium trichloride was added therein. Stirring was 
continued for 30 min at room temperature. 7.0 ml of acetic anhydride 
was slowly dropped into the solution after cerium trichloride was fully 
dispersed therein. Then stirring was continued for 2 h at room 
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temperature. After it was detected by thin-layer chromatography (TLC) 
that the reaction was completely carried out, the solution was diluted 
with 50 ml of water. Acetic acid in the reaction mixtures was completely 
neuttalized with a saturated aqueous solution of sodium bicarbonate, and 
insoluble substances produced therein were extracted with 250 ml of 
tricMoromefhane. After three extractions, the liquid extracts of 
trichloromethane were combined together, and concentrated to dryness 
under reduced pressure, yielding 4.71 g of pale yellow 2 * . 10- 
diacetylcephalomannine analog solid. 

4.71 g of 2' , lO^acetylcepnalomannine analog solid was added to and 
dissolved in 200 ml of methanol. Then, the mixture was cooled in an ice 
bath to a temperature 3C or less. 200 ml of 0.4 M dimethylamine 
methanol at a temperature 3°C or less was added therein, and stirring 
was continued for 1.5 h under the condition of ice bath at a temperature 
3*C or less. After it was detected by thin-layer chromatography (TUC) 
that the reaction was completely carried out, 400 ml of 0.2M aqueous 
HC1 was added Then the obtained flocculent crystals were -extracted 
three times with 250 ml of trichloromethane. The liquid extracts were 
concentrated to dryness under Teduced pressure, yielding 4.63 g of pale 
yellow cephalomanninc solid. After silica gel adsorption 

chromatography-^- 18 reverse phase chromatography (aceiomtrile- 
waler)-»acetone crystallization, 3.24 g of 97.7% white ccphaJomnnnine 
crystallisate was obtained. By comparing the infrared spectrum with that 
25 of natural cephalomannine, it could be confirmed that the product 
obtained above was the same in the structure as natural cephalomanninc. 
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Example S 

Preparation of paclitaxel from 1 0-deacetylpaclitaxel 

30 

5.0 g of 45% 10-dcacetylpaelitaxel was added to and dissolved in 20 ml 
of pyridine, and solved therein. While the solution was being stirred, 150 
mg of cerium trichloride was added therein. Stirring was continued for 
30 min at room temperature. 8.0 ml of acetic anhydride was slowly 
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dropped into the solution after a cerium trichloride was tuny dispersed 
therein. Then stirring was continued for 2 h at room temperature. After it 
was detected by thin-layer chromatography (TLC) that the reaction was 
crtmnieteiy carried out, the, solution was diluted with water. The 

ss were filtered under reduced pressure to dryness, yielding 5 . 1 
g of 2% 10-diacetyltaxane as a pale yellow solid. 

i 

5.1 g of 2' 10-diacetyltaxane as a pale yellow solid was added to and 
dissolved in 200 ml of methanol. Then, the mixture was cooled in an ice 
10 bath to a temperature 3X5 or less. 200 ml of 0,4 M dimethylamine 
methanol having a temperature 3^C or less was added therein, and 

»« AAnfinued for 1.5 h under me condition of ice bath at e 




temperature 3 "C or less. After it was detected by thin-layer 
chromatography (TLC) that the reaction was completely carried out, 400 

15 ml of 0.2M aqueous HC1 was added. Then the obtained flocculent 
crystals were extracted three times with 250 ml of trichloromethane. The 
liquid extracts were concentrated to dryness under reduced pressure, 
yielding 4.5 g of 41.6% paclitaxel as a pale yellow solid. After 
purification, it could be confirmed that the product obtained above was 

20 the same in the structure as natural paclitaxel by comparing the infrared 
spectrum with that of natural paclitaxel. 

Example 9 

Preparation of paclitaxel from 10-deacetylpachtaxel 

25 

5.0 g of 82.6% 10-deacetylpaclitaxel was added to and dissolved in 100 
ml of tetiahydrofuran. After 5.0 g of chloroacetamide Was added therein, 
the mixture was heated to lOOX^, stirred and reacted for 3 h. Then, the 
mixture was diluted with water. The solid substance obtained after 
30 filtration under reduced pressure was chrom atographied with 100 g of 
silica gel column, and eluted with dichloromethane/ethyl acetate (7:3). 
The active fraction was concentrated under reduced pressure to dryness, 
yielding a solid substance. By the re-crystallization of said -solid 
substance with acetone/petroleum ether, 5.0 g of the product was 



JUL 1 1. 2006i.12:57PMfrom 51 06630920 ' ' to s-eejsusasNO. 680 P, 24' 



obtained Subsequently, the product was dissolved in 100 ml of 
tetrahydrcrfuran, and 20 ml of acetic anhydride was added therein. The 
mixture was heated to 10CTC and reacted for 3 h, 

5 The product obtained above was dissolved in 100 ml of methanol. Ate 
2.0 g of thiourea and 1.0 g of sodium bicarbonate were added therein, 
the mixture was stirred at room temperature. After the reaction was 
carried out for lh, the mixture was diluted with water, yielding a 
precipitate; By acetone/light oil re-crystallization of the solid obtained 

10 by filtering the precipitate, 3.3 g of 98.6% paclitaxel solid was obtained. 
By comparing the infrared spectrum with that of natural paclitaxel, it 
could be confirmed that the product obtained above was the same in the 
structure as natural paclitaxel. 

15 Comparative Example 1 (according to the process as disclosed in 

US5^00,S34A) 

Preparation of paclitaxel from 1 0-deacctylpaclitaxel 

0.5 g of 10-deacetylpaclitaxel was dissolved in 2 ml of pyridine. After 

20 0.5g of chloroacetamide was added therein, the mixture was reacted at 
room temperature for 1 h. Then, the mixture was diluted with water. The 
solid substance obtained after filtration under reduced pressure was 
chromatographied with 10 g of silica gel column, and eluted with 
ttichloromethane/acetone (2-5%). The active fraction was concentrated 

25 under reduced pressure to dryness, yielding a solid substance. After the 
re-crystallization of said solid substance with acetone/normal hexane, 
0.5 g of the product was obtained Subsequently, the product was 
dissolved in 1 ml of pyridine. After 2 ml of acetic anhydride was added 
therein, the mixture was heated to 100 "C and reacted for 30 min. 

30 

0.2 g of said product obtained above was dissolved in 10 ml of methanol. 
Then 0.2 g of thiourea and 0.1 % of sodium bicarbonate were added 
therein, and the mixture was stirred at room temperature. After the 
reaction was carried out for lh, the mixture was diluted with water, 

■ 
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yielding a precipitate. By acetone/light oil re-crystallization of the solid 
obtained by filtering the precipitate, 0.3 g of paclitaxcl was cbtained- 

Comparative Example 2 (according to the process as disclosed in 

5 US5,200^34A) 

Preparation of pacHtaxel from 7- (lMyloxyD -10-deacetylpaclitaxel 

1 g of 7- C l§-xyloxyl) -10-deacetylpaclftaxel was dissolved in 50 ml of a 
memanol/chloroform solution (4:1). Then, 0.6 g of sodium periodate and 
10 4 ml Of IN sulphuric acid were added therein. The oscillating reactions 
of 1he mixtures continued for 3 h at room temr^ture. Subsequently, the 
reaction mixture was diluted with 50 ml of water, and extracted twice 
with 50 ml of chloroform. The organic phase extract was concentrated to 
dryness, yielding 1.0 g of a white solid. 

is 

Said solid was dissolved in 1 ml of pyridine, and 5 ml of acetic 
anhy dride was then added therein. The mixture was heated to 100X3 and 
reacted for 30 min. After being cooled, the mixture was diluted with 50 
ml of water, and filtered to yield 1.0 g of a solid. Then, said solid was 

20 dissolved in 20 ml of methanol, and 3.0 ml of acetic acid and 0.5 ml of 
pherrylhydiaane were added therein The resulting mixture was heated 
to 50-60X1, and reacted for about 3 h, and cooled. The reaction mixture 
was diluted with 20 ml of water, and extracted twice with 20 ml of 
trichlororaethane. The organic phase liquid extract was concentrated 

25 under reduced pressure to dryness, yield a solid substance. Said -solid 
substance was chromato graphied with C-8 reverse phase column, and 
gradually eluted with 25%, 30%, 35%, 40%, 45% and 50% 
acetonitrile/water. The active fraction was concentrated under reduced 
pressure. 0.1 g of paclitaxcl was obtained from the fraction eluted firstly, 

30 0.5 g of a solid containing 2'-acetylpaclitaxel was obtained from the 

fraction eluted later, and then said solid was re-crystallized with 
acetonitrile/light oil to yield 0.4 g of a white solid substance. 



Comparative Example 3 (according to the process as disclosed in 
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Preparation of paclitaxel from 1 k -acety Ipacl itaxcl 

0.2 g of 2'-acetylpaclitaxel solid was dissolved in 10 ml of methanol. 
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earned out After it was detected by thin-layer chromatography (TLC 
that the hydrolysis reaction was completely carried out, the reactio 

mixture was concentrated under reduced pressure to dryness, yielding 
solid substance. By recrystallizing said solid substance wil 
acetone/light oil, 0. 12 g of white paclitaxel solid was obtained. 

Comparative results of the present invention to the prior art 
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